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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS
RESFARCH MEMORANDUM .

SIMUTATED ATTTTUDE PERFORMANCE OF COMBUSTOR OF WESTINGHOUSE 19ZB-1
JET-PROPULSION ENGINE

By J. Howard Chllds and Richard J. McCafferty

SUMMARY

A 19%8-1 combustor was operated under conditions simleting
zero-ram operation of the 19XB-1 turbojet englne at varlous altitudes
and engine speeds. The combustlon efficlencies and the altitude
operational 1limits were determlned; data were also obtalned on the
character of th cambustion, the pressure drop through the combustor,
and the combustor-outlet temperature and veloclty profiles.

At altltudes about 10,000 feet below the operational limits, the
flames were yellow and steady and the temperaturs rise through the
combustor increesed with fuel-ailr ratio throughout the range of fuel-
elr ratios investigated. At altltudes near the operatlonal Iimlts,
the flames were blue and flickering and the combustor was sluggish in
1ts response to changes in fuel flow. At these high altitudes, the
temperature rise through the combustor increased very slowly as the
fuel flow was 1ncreased and attalned s mexlmm at a fuel-air ratio
mich leaner than the over-all stoichiometric; further increases In
fuel flow resulted in decreased values of combustor temperature rise
and increesed resonance untll a rich-limit blow-out ococurred.

The epproximate operational celling of the engine as determined
by the combustor, using AN-F-28, Amendment-3, fuel, was 30,400 fest
et a simulated englne speed of 7500 rpm and increased as the englne
speed was increased. At 2n engine speed of 16,000 rpm, the opera-
tional celling was approximately 48,000 feet. Throughout the rangs
of simuleted altlitudes and englne speeds Investigated, the combusition
efficiency increased with Incressing engine speed end with decreasling
altitude. The combustion efficiency variled from over 99 percent at
operating conditions simnlating high engine speed and low altltude
ocperation to less than 50 percent at conditions simulating operation
at altltudes nesr the operational limits, The isothermal total-
pressure drop through the combustor was 1.82 times as great as the
Inlet dynsmic pressure., As expected from theoretical considerations,
a straight-line correlation was obtalned when the ratic of the com-
bustor total-pressure irop to the combustor-inlet dynemic pressure
wag plotted as a functlion of the ratioc of the combustor~inlet ailr
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dengity tc the combustor-outlet gas density. The combustor-ocutlet
temperature profiles were, in general, more uniform for runs in which
the temperature rise was low and the combustion effliclency was high.
Inaspection of the combustor basket after 36 hours of operation showed
very little detericration and no appreclable carbon deposits.

IRTRODUCTION

Performance studles of 19XB-1l turbojet engine conducted in
the Cleveland altitude wind tummel (reference 1) indicated that the
engine operated satisfactorilly at low altitudes, but as the simulated
altitude was Increased at any glven rotationmal speed, engine operation
first became sluggish and then falled at a certaln altitude. The
engine operational fallures were characterized by a decrease of turbine
gpeed and the appearance of long flames extending from the engine
exhaust nozzle; increasing the fuel flow resulted in further decelera-
tlon of the engine and longer exhaust flames until combustion cessed.

Similar operation, but with lower limiting altitudees than those
found with the 19XB-1l, was obtained in a wind-tunnel Investigatlion
on ths 19B engine (reference 1l). An investigation was made of the
performance of the combustor in the cambustion laberatory amd 1t was
shown that the altitude operational limits of the 19B engine are
imposed by the combustor (reference 2); the 19XB-l engine uses the
gams combustor as the 19B engine. Reference 2 also repcrted that
performance of the 19B combustor was adversely affected by decreasing
the inlet-alr pressurs or temperature and by increasing the inlet-
alr velocity. The higher compression ratio of the 19XB~l compressor
therefore results in conditions of the combustor-inlet air in the
19XB-1 engine more favorable to the combustion process and hence a
higher altitude cperational limit would be expected.

The altitude performance of the 19XIB-1 ccmbustor wes investigated
at the NACA Cleveland lebcratory under conditions simmlating zero-
ram operation of the 19XB-l engine at various altitudes and rota-
tional aspeeds. This 1nvestigation was conducted during the perlod
December 1945 to March 1946, The altitule operational limits and
caabustion c¢fficiencles in the operational range are prescnted. The
altitude operational limits were indicated by fallure of the ccmbustor
to supply the combustor-ocutlet temperature required for operation of
the engine. Deta were also obtained on the character anmd appearance
of the ccmbustion, the general condltion of the combustor, the total-
pressure drop through the combustor, and the combustor-outlet temper-
ature and velocity profiles.
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APPARATUS AND iETRmENTATIOH
¢ Ccaxbustor

A diasgrammstic cross section of the combustor installstion is
shown in figure 1. The cambustor in the 19XB-1 engine s which is the
same as the 19B combustor, is approximately 19 inches in diameter
and fills the annular space around the ccmpressor-turbine ghaft of
a 19XB-1 turbojet engine, A description of the ccambustor is glven
in reference 2.

Apparatus

A dlsgram of the general arrangement of the installation is
shown in figure 2. The ccmbustor was comnected to the laboratory
air supply and exhaust systems and the air quantities and pressures
vere regulated by remote-control valves. The exhaust gases were
ccoled by means of water sprays in the vertiocal exit pipe.

For regulation of inlet-alr temperatures, a portion of the air
was burned with gasoline in a2 preheater and then mixed uniformly
with the rest of the air upstream of the combustor. The preheater
was operated at conditions glving efficlent combustion in order to
minimize contamination of the alr by ccmbustibles. The use of such
a preheater to produce a 200° F rise in the inlet-air temperature
results 1in a consumption of 3.9 percent of the oxygen, an increase
in the carbon-dioxide content of the inlet air by 0.80 percent of
the total air weight, and an inorease in the moisture content by
0.36 percent of the total air weight.

The inlet and outlet ducts were fabricated to simulate the
dimensions and contours of the engine ducts leading to and from
the cambustor. Figure I shows the longitudinal cross section of
the combustor and adjacent ducting and indicates the location of
ingtrumentation planes, Observation windows for viewilng the
canbustlon were provided in the ccmbustor housing as shown in
figures 2 and 3. Ancther observation window, located in the
vertical exit pipe (fig. 2), provided an end view of the inside of
the ccmbustor,

Temperature and velcclty profiles at the combustor inlet were
made uniform by first introducing turbulence to mix the air thor-
oughly with the exhaust gas from the preheater and then removing the
turbulence in a calming chamber. (Ses fig. 2.) Maximum differ-
ences between local inlet temperatures and the mean temperature were
about 5C F and occurred only in runs with high preheat temperatures.
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The maximum and minimum inlet velocltles devliated by about 5 percent
from the mean velocity for most runs. The 24 fuel nozzles in the
combustor were pericdically callbrated and replaced when necessgary;
these nozzles were well matched, having maximum deviations of £3 per-
cont from the mean fuel delivery when inmdividually calibrated at a
pressure differential of 25 pounds per square inch,

Instrumentation

The thermocouple Junctions and the pressure taps in each instru-
mentatlion plane were located at centers of equal areas, as shown in
figure 4. The letter positions at all Instrumentation planes are
arranged clockwise as seen locking upstream., A tabulation of the
nunber and type of instruments at each plane follows:

Instrumentation plane
2 3 -
Instruments Number|Probes |Total |Number |Probes|Total
of per number | of per nunber
rakes |rake |[of rekes [rake |of
probes probes
Thermocouples 8 1l 8 16 3 48
Total~preasure
tubes 4 4 16 8 4 32
Well-statlc
pregsure orifices S 4

Instrumentation plane 2 (fig. 1) is located at the combustor inlet,
which has & cross-sectlional area of 0.647 square foot; instrumenta-
tion plane 3 (£ig. 1) is at the combustor outlet where the annular
croas-gectional area ia 0.858 square foot. The pressure taps at
plane 3 were located 1 inch downstream of the thermocouple rakes,
Construction details of the temperature- and presaure-measuring
instruments are shown in figure 5.

¥69
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Pressure data were cbtalned from photographs of mancmeters.
The thermocouples were commected through muwliiple switches to two
calibrated, self-balancing potenticmeters, one with -100° to 700° F
range to record the inlet temperatures and one with 400C to 2400° F
range to record the outlet temperatures. Fuel flows to the cambugtor
and preheater were metered separately with calibrated rotameters.
The pressure differential across the fuel nozzles was measured when
possible by & 50-inch mercury mancmeter; higher pressure differentials
were determined by obtaining the fuel manifold pressure wlth a Bourdon-
type gage and correcting for the combustor-inlet pressure. The air
flow to the combustor was metered by a squere-edge orifice Installed
according to A.S.M.E, specifications and located upstream of all

regulating velves.

PROCEDURE
Program

The program was divided into two principal investigations: (a)
determination of altitude operational limite, and (b} determination
of combustion efficlencies. ZEgtimated combustor-inlet corditions
and cambugtor-outlet temperatures corresponding to zero-ram
operation for the 19¥B-1 engine at various altitudes and englne
speeds were supplied by the manufacturer and are shown in figure 6.
These data were used to set the combustor operating conditions
necegsary to simulate engine operation at any desired altitude and
engine speed.

In order to determine the altitude operational 1limits, the
combustor was operated with inlet conditions of air flow, pressure,
and temperature simulating englne operation at varlous altitudes
and engine speeds. For each simulated altitude -~ englne-speed condi-
tion the fuel flow (AN-F-28, Amendment-3, fuel) was varied through
& wide range in an attempt to obtain the combustor-outlet tempera-
ture required for nonacceleratling engine operation. If the
required ccmbustor-outlet temperature could be obtained, the
gimulated altitude and engline speed was consldered within the
operational range of the engine; if the required ccmbustor-outlet
temperature was uncbtainable, the simnlated altitude and engine
speed was considered within the nonoperaticmal range of the engine.
In order to obtain general combustor performence Ilnformatlon, date
were usually recorded and the combuation characteristles noted as
each of the following events occurred: (1) An average ccmbustor-
outlet temperature was obtained that was equal to or slightly above
the nonaccelersting engine reqiurement; (2) the character of the
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cambustion changed; (3) a maximum cbtainable (peak) valus of average
combustor-outlet temperature was reached; (4) socme local outlet
temperatures exceeded the potentiometer limit (2400° F) and were
considered unsafe for the instrumentation, making a further lncrease
in fuel flow inadvisable; and (5) combustion ceased (blow-out). The
gequence and the number of these events varied for differemt points.

¥69

The ocombustor was operated over a more extensive range of aliti-
tudes and engine speeds then necessary to determine sltitude opera-
tional limits to cbtain combustion efficlencles. For each altitude -
engine-gpeed condition selected for study, the alr flow and the
pressure and temperature at the cambustor inlet were maintained
constant at the values shown in figure 6 and the fuel flow (AN-F-28
fuel) was altered to glve an average outlet temperature approximately
equal to that required for nomaccelerating engine operation (fig. 6(d)).
The average ccmbustor-outlet temperature was d1fficult to estimate
because the outlet-temperature distribution was nonuniform; data
were therefore usually recorded at two or more fuel flows that gave
average cambustor-outlet temperatures alightly above and slightly
below the required value. An interpoclation was then made between
the combustion efficlencles for theme cutlet temperatures to obtain
the combustion efficlency for an average combustor-outlet temperature
equal to the nomaccelerating engine requirement.

Methods of Calculetiom

The average dynamic presaures at Instrumentation planes 2 and 3
were computed from the air flow, the fuel flow, and the average
temperatures and statlc preasures measured at these Instrumentation
planes, The total-pressure drop across the combustor was obtained
as follows: Static pressures &t instrumentation planea 2 and 3 were
measured, the average dynamic pressures were added to these values
to give total pressures at the combustor Iinlet and ocutlet, and the
difference between these values was taken as the total-pressure drop
acrosa the combustor.

In order to determine veloclty profiles, the local velocltles
at speveral points were computed from the measured values of total
pressure and temperature at those points together with the average
statlc pressure at that oross section.

The combustion efficiency l1ls arbitrarily defined as the ratio
of the actual rise in total temperature to the theoretical rise in
total temperature possible with the fuel-air ratio used. The charts
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of reference 3 were ntilized for these computations, The thermo-
couple indicatlons were taken as true values of the total tempera-
- tures with no corrections being made for radiation or stagmation
effects. .

RESULTS 'AND DISCUSSION
Altitude Operational Limlts

Experimentally determined data obtained to ascertain altitude
operational limits are summerized in table I. Deta on ccmbustor-
outlet conditions are omitted fram table I for runs in which any
of the followling events ocowrred: (1) Several individual readings
of combustor-outlet temperatures fell below the potenticmeter
1imit (400° F) making it impossible to determinse accurately the
average cambustor-outlet temperature; (2) large fluctuations
occurred in the Instrument indicatioms; (3) blow-out occurred when
the fuel-air ratio was changed to the value indicated; and (4) no
canbustion was obtainable at any fuel-alr ratio. The runs for
which data are cmitted are labsled in table I to indicate which of
thege phenomena was the cause,

The altitude operatlicmal 1limitg are presented In figure 7 on
a plot of the gimulated altitudes aml englne speeds. The curve
separates the region where the combustor-outlet temperatures
cbteinsble were sufficlent from the region where the outlet temper-
atures cobtalnable were Ingufficlent for nonaccelerating operation
of the 19XB-1l englne. For convenlence In referring to table I,
the data points on the figure are identified by numbers. The
approximate operational celling of the engline as determined by the
combustor was 30,400 feet &t a simulated engline speed of 7500 rpm
and incressed as the simulated engine speed was increased., AL an
engine speed of 16,000 rpm, the cperatlcmal celling of the engine
was approximately 48,000 feet.

No runs were made at conditiomg similating £flight velccitles
other than zero, but 1t is estimated from the data reported here
and in reference 2 that the altliude operational limits will be at
least 5000 feet higher throughout the entlire engine-speed range
when a flight veloclty of 500 mliles per hour 1s simulated.

A comparison 1s made in figure 8 of the altltude operational
limits of the occmbustor determinsd herein with (2) the operational
limits obtained in an altitvde-wind-tunnel investigation of the 19XB-1
engline at a simlated flight velocity of 200 miles per howr and
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using AR-F-22 fuel (reference 1), and (b) the operational limits
obtained with this same combugtor at 19B engine zero-ram conditions
and using AN-F-28 fuel (reference 2). The first comparison shows
the results of the combustor investigation to be in falr agreement
with the results of the engine investigation. The curve determined
by the engine investigation would be expected to be higher than the
curve determined by the cambustor investligation because 200 miles
per hour ram was used with the engine. Comparison (b) shows the
benefit to the combustor of changing to a higher compression-ratio
compressor, which is the main difference between the 19B and the
1XB-1 turbojet engines. The gensitivity of the combustor to the
compressor performance is accounted for by data presented in ref-
erence 2 showlng the effects of Inlet-alr pressure, temperature,
and veloclty on combustor performence.

Combustion Efficlencles

Results of the combustlion-efflciency investigation are
sumiarized in table II. Lines of constant combustion efficiency
(dashed lines) are shown on a plot of simulated altitudes and engine
speeds in figure 9. At each data point on the figure, the combustion
efficlency for that point ‘1s specified. The constant combustion-
oefficiency lines were obtained by Interpolating between the data
poiuts, The solid curve on figure 9 represents the altitude opera-
tional limits as determined herein. Throughout the range of simu-
lated altltudes and engine speeds lnvestigated, the combustion
efficlency increased with lncreasing englne speed and with decreasing
altitude. For example, at an altitude of 20,000 feet the ccmbustion
efficlency was 684 percent at 7000 rpm, 76 percent at 10,000 rpm, and
98 percent at 14,000 rpm; at sea level the combustion efficlency was
93 percent at 7000 rpm and 99 percent at 10,000 rpm. Combustion
efficlencies below 50 percent were obtained at altitudes near the
operational limits.

Avallable Acceleration

The amount by which the cambustor temperature rise cbtalnable
exceeds the tempersture rige required for nonaccelerating engine
operation is an index of the avallable acceleration., For many simu-
lated altitudes and engine speeds, data showing the maximum tempera-
ture rise obtalnable appear in table I. The differences between
these maximum values of temperature rise cbialnable and the corre-
sponding values of temperature rise required for nonaccelerating
engine operation et the same altitude and englne~speed condltions
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are indicated in figure 10 beslde esach data polnt. The data points
are located In figure 10 by the coordinates of simulated altitudes
and simulated engine speeds and the dashed llnes indicate constant
values of available acceleration (indicated by the parameter , temper-
ature rise obtainsble minus temperature rise required) obtained by
interpolating between the date polnts. The solid curve in figure 10
represents the altltuds operational limits and 1s therefore a curve
of zero available acceleratlon.

Combustion Characteristics

Various types of resonant combustion were observed during the
investigations. The resonance was characteriged by flickering of
the flames, vibratlion of the combustor and adJjacent ducting, and
fluctuation of the outlet-temperature indications. The combustion
during each run is described by a letter designation in tables I
and IT. '

For any simulated engine speed at altitudes to within about
10,000 feet of the operational limit, nonresonant yellow-flame
combustion occurred and the combustor supplied & temperature rise
far in excese of that required for emngine operation; the combustor
temperature rise increased with fuel-air ratio throughout the range
of fuel-air ratios investigated. As the gsimulated altitude was
increased at any constant slmulated engine speed, blue-flame
combustlion gradually appeared and then rescnance appeared and became
proncunced as the operational 1imit was approached. At altitudes
near the operational 1imit, the combustor showed little response
to changes in fuel flow. The temperature rise through the cambustor
increased very slowly as the fuel flow was increased and reached a
meximum at a fuel-air ratio within the range investigated (much
leaner than the over-all stoichicmetric); further increases in fusl
flow resulted in decreasing combustor temperature rise and increasing
resonance until a rich-l1imit blow-out occcurred. At simmlated englne
apeeds below 8000 rpm and at slmulated altitudes neer the operational
limits, combustion would scmetimes cease as the fuel flow was
decreased (lean-l1imit blow-out). Thils phencmenon was never encoun-
tered at high simulated engine speeds.

Pressure Drop through Cambustor
The data for the total-pressure drop from the inlet to the out-

let of the combustor are presented In figure 11, All data frdm
table I are included on the figure. The ratio of the total-pressure
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AP
drop to the inlet dynamic pressure -7(-2—“2)- 1g plotted against the
2

ratio of the inlet-air density to the outlet-gas density po/pz. A

straight line with s slope of approximately 0.4 1s obtained that repre-
sents the data wlth a scatter of about £5 percent, A derivation of
this relation ls presented in reference 2 where 1t is explalned that
the relation dows not hold accurately for this combustor when the

flame geat shifts. The flame seat was cbmerved to move farther down-
stream when operating under conditions that result in resomant combus-
tion or when operating with a high heat release (high alr-flow rate
together with high combustor-temperature rise).

The same presgure-drop date are expressed in figure 12 as a
function of the ratio of cambustor-outiet temperature to ccmbustor-
inlet temperature Tz/Ts. Figure 12 makes possible the direct esti-
mation of the pressure drop across the combustor from a knowledge of
compressor and turbine performance although the caorrelation is less
exact theoretically than that of figure 11,

AP AP
The isothermal —\2=3) 15 1.82. When Tz/Tp is 2.6, —2=3)
L) gz
is about 2.5. These values of pressure drop across the ccmbustor are
about 14 percent higher than those reported 1n reference 2 for the
same ccmbustor. The high values for the pressure drop reported may
result because the pressure taps at Instrumentetion plans 3 were
located a short distance downstream of the thermocouple rakes and
recorded the additional pressure drcp acrcas those rakes; this condi-
tion was not pregent in reference 2.

Temperature and Veloclty Profilles at Combustor Outlet

Combustor-outlet temperature profiles became more uniform (1)
as the average combustor~tempsrature rise decreased and (2) as the
Inlet conditiona were altered to give higher coambustion effilclency.
These genersl trends were consistent although the exact patterm of
an outlet-temperature distridbution could nct always be reproduced in
check runs. In order to 1llustrate these tremnds, combustor-outlet
temperature profiles for 3 runs are presented in figure 13, A
comperison of the pertinent date for the three runs follows:
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Aversge |Combus~| Average [Maximum |Minimm |Average
com~ tion com- lecal lccal cutlet-
bustor- |effi- bugtor-{outlet [outlet |temper-
temper- clency |outlet |temper-|temper- |ature
ature |(per- |temper-|ature |ature |devia-
rise cent) [ature (°F) (°F) |tion
(°F) (°F) ' (°F)

Run shown in

fig. 13(a)

(10,000 rpm

at 15,000 £t)|[ 713 86.8 834 | 1180 585 94.8

Run shown in

fig. 13(b},

(10,000 rpm -

at 10 000 £t)| 713 90.8 853 | 1070 630 84.2

Run shown in

fig. 13(e),

(17,000 rpm

at 47 000 £t)| 1218 86.5 1459 | 1970 970 150.86

The average outlet-temperature delvation ls the average deviation of
the Individual local temperatures from the average temperature at

the combustor outlet,

A comparison was made between the combustor-ocutlet temperature
profiles for two runs (figs. 13(a) and 13(b)) in which the combustor-
temperature rise was the same but the combustion efficiency was
different; the run shown in figure 13(a) had the lower combustion
efficlency and the more uneven outlet-temperature profile. Fig-
ures 13{a) and 13(c) afford a comparison between the combustor-
outlet temperature profiles for two runms in which the combustion
efflciency was about the seme but the combustor-temperature rise
was different; the run shown in figure 13(c) hsd the higher temper-
ature rise and the more uneven outlet-temperature profile, The’
temperature profiles at the cambustor outlet were very sensitive to
alinement of the combustor basket.

Figure 14 shows combustor-outlet velocity profiles for the same
runs for which combustor-cutlet temperature profiles appear in
figure 13. The veloclty profiles were similar for all runs and thelr
degree of uniformity showed no direct relation to the temperature
profiles.
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Comdltion of Cambustor Basket ’

¥69

Inspection of the basket at the conclusion of the investigation
to determine the altitude operational limits (about 16 hr running
time) ghowed very little warping and only slight carbon deposits (at
the upstream end of the basket). At the conclusion of the investi-
gation to determine combustion efficlencies (about 20 hr operation),
the basket showed very little warping and the carbon deposits, though
conslderably greater than those formed during the altitude-operational-
limits investigation, were still less than 0.003 inch thick at the
upstream end of the basket. Most of the carbon deposited was in the
form of scot. The carbon depcosits formed during the efflclency
investlgation were greater than those formed during the operational-
1imits investigation and may be the result c¢f the prolonged opera-
tion at low simulated altitudes where yellow, luminous flames are
encountered., The ingide surface of the basket was covered by depcsits
of lead oxide. These deposits were alsc amorphous in nature and were
never thicker than the carbon deposits at the upstream end of the
besket,

SUMMARY OF RESULTS

The results cbtalned in the investigation of the combustor for
the 19XB~1 turbolet engine at conditions simulating zero-ram opera-
tion at various altitudes and roctational speeds are summarized as
follows:

l. For any simulated engine speed at all altitudes to within
about 10,000 feet cf the operatiopal limit, yellow-flame combustion
cccurred and the combustor supplied a temperature rise far in exceas
of that required for engine operation; the combustor temperature rise
increased with fuel-alr ratlo throughout the range of fuel-eir ratios
investigated.

2. As the simulated altitude was Increased, at any constant
simlated engine speed, blue-flame combustion gradually appeared and
then resonance appeared and became pronounced as the operational
limit was closely approached. At altitudes near the operstional
limit, the response of the combustor to changes 1n fuel flow was very
slow. The temperature rise through the ccombustor increased slowly
as the fuel flow was increased and attained a maximum value at a
fuel-alr ratlo within the range investigated (much leansr than the
over-all stoichiometric); further increases in fuel flow resulted in
deocreasling temperature rige and increasgling resonance untll a rich- -
1limit blow-cut occcurred.
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5. The operational ceiling of the engine, as indicated by
failure of the ccmbustar to supply the energy required by the
turbine, was 30,400 feet at a simulated engine speed of 7500 rpm and
the operational celling increased as the simulated engine apeed was
increased.

4. The altitude operational limits, which were imposed on the
19B engine by the cambustor, were much lower than those imposed on
the 19XB-1 engine. This difference was due to the more favorable
cambustor-inlet conditions obtained with the higher campression
ratio in the 19XB-l1 engine.

S. Throughout the range investigated, the combustion efficiency
increased with Iincreasing engine speed and with decreasing altitude.
At an altitude of 20,000 feet the combustion efficlencies were
64 percent at 7000 rpm, 76 percent at 10,000 rpm, and 98 percent
at 14,000 rpm. At sea level, the combustion efficiencies were
83 percent at 7000 rpm and 99 percent at 10,000 rpm., Combustion
efficiencies below S50 percent were obtained at altitudes near the
operational limits.

6. As expected from theoretical conslderations s, & atraight-
line ccrrelation was obtailned when the ratioc of the total-pressure
drop through the combustor to the combustor-inlet dynamic pressure
was plotted as a function of the ratic of the combustor-inlet air
density to the cambustor-outlet gas density. The isothermal total-
pressure drop through the combustor was 1.82 times as great as the

inlet-dynamic pressure.

7. Cambustor-outlet temperature profiles were more uniform
when the temperature rise through the combustor was low and when
the combustion efficiency was high.

8. Inspection of the combustcr basket showed little deteriora-
tlon and no appreciable carbon deposits after 36 howrs of operation.

Lewis Flight Propulsion Laboratory,
Natlional Advisory Committee for Aeronautics »
Cleveland, Ohlo
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TAELE I = FERFORMANOE DATA ON COMBUSTOR OF 19XB=-1 TURBOJET

Point| Simu~ | Sim= |Inlet Inlet- Average| Average| Alr Fuel | Fuel- | Combus—
lated | lated |static atlyr total | outlet total flow| flow [air tion effi-
engine | alti- essure tempera~ | total temper={ (1v/| (1b/ |ratio |[ciency
speed | tude 1b/sq in. | ture temper—~| ature sec)| bhr)

(rpm}) (£t) |absolute) (om) ature rise
(°F) through
combus=
tox
(°r)
1 8,000 |32,000 5,38 -l — 2,70}200=-500|~ -
e 6,000 27,000 5.79 ] 870 570 2.85 222 0,0214 0, 383
8,79 o] 208 208 2,85 340 « 0328 0424
5.79 ) - 2,85 372 « 0380 |= -
4 10,000 28,000 9.82 75 8ae 701 6,29 402 0. 0177 0.638
9.62 78 954 879 6429 488 «OR0S « 520
9,82 75 998 923 6. 29 §00 «R20 «61%
¢.82 75 1142 1087 6,29 500 « 220 « 707
9,82 78 938 865 | 6,29| 600 | .0264 488
) 10, 000 |32,000 8. 30 60 623 623 5.38 300 0, 0163 0,570
8.30 61 656 ese 5.38 348 « 0177 + 528
8, 50 &0 853 893 5,38 385 « 0198 « 432
7 14,000 (36,000 12,27 180 1300 11560 7T.30 500 0.,0190 0,878
12,27 150 1513 13€3 7.50 700 . 0264 779
12 | 14,000 40,000 | 10,21 150 1248 loge | 6,06] 458 [0.0208 0.770
10.21 150 1398 1248 | 6,04] 850 | o282 « 740
10,21 150 ——fpoo——--j 6,04 600 | .0275 [--- -
31 14,000 44,000 8.54 150 947 797 5,056 360 0,0191 0,804
8.54 160 1084 874 8,08 412 « 0226 «ST2
8.54 151 916 765 B.09 4156 «0226 « 500
B. 54 150 955 8086 5,06 526 + 0288 « 428
2 1¢,000 [46,000 | 7.02 150 666 516 €.19| 300 |O0.0197 0. 562
702 151 818 ee7r 419 425 « 0280 « 363 ¢
7.02 151 ———— |- =] 4419 520 « 0344 (-~ -
10,000 |35,000 Te3S7 61 —— e e | 40 82 303 0 O173 [~ -
Te37 50 534 554 4.82 345 « 01297 04390
7,37 80 et o [ - o] 4482 T8O s 0218 (-~ -
8,000 | 30,000 6. 97 -1-3 97 é71 4,10 300 0.CE01 0,477
6497 24 68S esl 4.10 340 [ L0228 «421
37 8,000 |32, 000 8,358 15 630 615 3.7 850 0. 0241 0,385
6,38 26 - e |- o=~ 35,85 346 0249 |wmmrm——e - -
38 10,000 |30,000 9. 03 70 685 [1:1.] 8,77 300 0,0144 0, 871
603 69 798 798 5.78 370 « 0176 « 644
2.03 70 822 822 8,77 425 « 0204 « 583
9.03 70 823 a3 5,77 464 « 0223 « 540
.05 a9 = e | = e e ] G T 820 «OR50 |-~ -

l'rbe following types of reaonent combustion were enoocuntered:
A Rapid flickering at base of flame.
B Temperature fluctuations at combustor cutlet.
D Noisy vibration of combustor and adjacent ducting together with temperature
fluctuations at combustor outlet,
E Rapid flickering at base of flame together with temperature fluwetuaticns at
combustor outlet.
N HKormal operation (no hotieceable resonancel.
+ Severe intensity,
-~ Slignt intensity.
The

following conditions made some data unobtalnable:
W Blow«out,
X PFluctuations in outlet temperatures.

¥ outlet temperatures below 400° F. =
Z No combustion at any fuel-air ratie,
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NACA RM No,

E8J29

ENGINE FROM TBSTS TO DETERMINE ALTITUDE OFERATIONAL LIMITS

Point | Maximum | Minimum | Total= Static— | Pressure | Inlet Average Remarks
local |leceal |pressure | pressure| differ— | velocity |outlet (1),(2)
cutlet |outlet |drop drop ential (rt/see) | veloelt
total total (lb/sq (1b/3q agross (rt/sec
temper— | temper— | in.} o) fuel
ature ature nozzles

(opP) {(oF) (ine [{8)
W NS —-- - —=-] 13 I )
2 1200 400 0.16 C.18 S.4 129 230 E
1620 560 «16 22 9.8 129 311 E+
- -—- [E— --d 22,0 129 R
4 1180 610 0,49 Q. 61 14,3 198 596 N
1340 680 « 850 « 64 18.3 1956 428 Aw
1610 710 « 852 « 087 22.8 195 440 D=
1600 700 «58 «76 23.1 195 489 D
1500 &00 R 88 |- ---< D
-] 850 450 0. 39 Q. 44 8.0 192 324 B=—
930 440 «31 4 8.8 192 351 B
860 480 «39 ot 21.8 192 354 E+
7 1700 910 0. 88 0. 88 23.1 207 494 D
1990 1030 «T3 1,01 43,9 207 564 D
12 1740 870 0.54 Q.70 17.1 206 477 N
1870 980 «80 « 980 28.0 206 526 B
- [ - -—--| 206 —ee——e==| D+, X
31 1400 720 Oe 44 0. 52 1l.0 206 588 D
1450 710 44 « 53 15,4 206 411 B
1200 670 «41 «49 14.7 208 383 A
1230 780 el 2644 208 —————— 23
32 1190 400 0,31 0.33 .6 208 309 E
1140 570 32 « 57 16.4 208 356 E+
-— ————— -— 208 | B4, W
34 - ———- - 7.2 180 | EB= ¥
760 400 032 0.55 10.2 190 299 B
- L e e ] —————— 190 —————- E+, W
36 1Q60 510 0.28 Q.33 8.0 163 313 A=
940 520 « 285 «31 10,4 162 310 E
37 900 430 0.20 C.28 9.6 16Q 300 E+
- . e fmemaec| 944 170 |-——==]| A+, ¥
38 880 540 0.42 0. 48 Te8 193 387 N
1150 590 .42 «51 12,8 193 373 A=
1060 630 44 «53 15,8 193 382 A
1070 630 45 «54 18.8 193 384 E
- - - -] e = | e e o e 193 —————— E+, W




18 : NACA RM No. E8J29

. TABLE I —~ PERFORMANCE DATA ON COMBUSTOR OF 19XB~1 TURBOJET

Point Simu=- Simu— Inlet Inlet= Average | Average ALlr Puel | Foel~ Combus-
lated lated static air total cutlet total flow flow | air tion effia
enging| alti- re ssure tempara= total temper— | (1b/ | (1b/ | ratic | eclency
speed | tude 1b/8q in, | ture temper— | ature gee) hr)

(rpm) [ (£%) absolute) (°p) ature rise
(9F) through
combuge
tor
(o™
39 8,000 28,000 7.71 36 o = e = = | - 4,41 230 { 0.0144 e = e e
7«71 4 ar. .. 817 4,41 35858 . 0224 0. 880
T.71l 35 858 868 4.41 420 « 0257 «494
Te7l 36 - el e o4l 460 « 0289 |- ——
40 12, 000 385,000 9.97 o8 818 720 6,29 SR0 | 0,0140 G721
9, 97 o 1240 1143 6.,28 407 «0R20 «T61
41 12,000 40,000 TSl 98 711 (> K- 4.95 300 | 0, 0266 Qe 523
7.9 g6 = — e w=l 5,04 376 «OR207 f-- ———
7.91 98 754 656 4.95 400 «0R28 « 430
TeOLl e 736 637 5,00 486 «OR53 « 3786
7.91 1) - -| 5400 485 «OR6G |— ———
7.91 98 - 4.95 800 « 0280 |~ ————
4a® 12, 000 42,000 727 98 600 508 4.58 300 [ 0. 0180 C. 400
Te27 98 <29 &31 4.58 325 « 0198 « 3%
Te27 98 604 506 4,88 370 « 0223 « 332
T«27 98 - -| 4.58 420 « 0254 |- -
43 16,000 50,000 T.91 211 1088 844 4,30 380 | 0, 0224 0,858
TeO1 210 1047 837 4.50 400 « 0287 492
Te9Ll 210 971 761 4.30 475 « 0308 « 386
T.91 210 - - 4.30 500 { 0328 |-~ -
44 16,000 47,000 9.435 210 1398 1188 4,98 400 | 0,0823 0,788
9.43 210 1397 1187 [ 9%-1.] 4850 +OR B2 «710
46 Nh1,000 28,000 T.51 74 578 0% .03 T [0, 211 | 0.3
7451 74 --| 4,93 410 | 023} |- -
447 14,000 46,000 7,66 152 675 623 4.71 370 | 0., 0218 0,383
7,66 152 [ - ———— -l 4,71 405 « 0239 [commmwmna = —-
48 - 11,000 56,000 8,20 71 613 542 5,40 516 | 0, 0162 0.4T8
8,20 a7 558 491 5439 345 «0178 « 393
8,20 T =] 8,40 420 +0R16 - ——
49 10, 000 33,000 8,08 58 587 499 5.89 325 [ 0, 0171 Cedle
8,08 58 547 489 65,89 78 | 00197 <o 357

:"rha following types of resonant combustion were encountered:

Rapid flickering at base of flame.

Tempearature fluotuations at combustor cutlet,

Koisy vibration of combustor and adjacent ducting together with temperature
fluctuctions at combustor outlet,

Rapid flickering at base of flame together with temperature fluctuations at
combustor outlet,

Severe intenstty,

Slight intensity. -

Zrhe following conditions made some data unobtainables

N UwE

1+

W Blowegut. ’ - “ —e
X Fluctuations in outlet temperatures. NACA,
Y Outlet temperaturca below 400° F, .

Z HNo combustion at any fucl=alr ratio.



NACA RM Na,

E8J29

ENGINE FROM TESTS TO DETERMINE ALTITUDE OFERATIONAL LIMITS.~ Cencluded

’!oint Maximum | Minimm | Total- Static~ Pressure Inlet Average Remarks
local local pressurs | pressure | differ— velcelt: outlet {1),(2}
ocutlet outlet |drep drop ential (ft/seo0) | velocit:
total total (1b/s {1n/; across (ft/sec
temper~ temper- 1n.? in. fuel
ature ature nozzles

(°F) (Op} (in. Hg)
38 - -] - - - 4.8 182 mwmeseew] Bu, Y
1120 590 C.28 0. 35 12.0 162 336 A=
1200 590 29 «57 15,2 leg 349 B
———ta - e e e e ———— - 162 —m——ee! Bs, W
40 loe0 640 O, 63 0. 62 8.8 201 3758 N
1900 8s&0 «58 78 28,0 200 510 D
41 990 520 0,40 0 dS Ved 199 340 B
- -— - -——] 12,1 -{s -] mmm————a] Ad, W
980 560 «40 «46 14,8 109 354 E+
1000 470 «40 «47 18,0 202 364 A+
—————— --- - -——] 202 e ke, ¥
—— e ——- - - -—=— 199 ———————{ B4, W
e 910 400 0. 36 0.39 8,6 200 3093 A
1040 400 «36 39 10,0 200 318 A
840 400 «35 «58 12,4 200 311 A
--|= - - ~ - -~~| 200 —————ee E+, W
43 1820 5350 0. 54 0,40 13,2 208 381 A~
1450 760 358 «41 15,0 208 sel A+
1260 700 «33 «38 21.6 208 363 A+
- - - - - 208 Fem———— - A, W
44 2040 890 0. 44 0. 56 18,0 200 456 ) |
2170 890 «dl «53 21.4 200 455 5
46 780 400 Q. 37 0.41 1l. ¢ 100 315 A+
- -— - - —-—~=! 200 ——] Ae, W
47 910 400 Qe 28 0. 40 —————] 215 394 Av
- - - - - - — £21S [ ———a] A, ¥
48 840 400 0. 42 0, 46 10,5 199 27 ) |
830 400 - -=] 11.3 198 Fm————] A
- -- -— -=a| 15,1 199 e} Ae, W@
&9 900 400 0, 37 o, 4 P 154 308 A=
790 400 «38 «41 11.3 194 306 A
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NACA RM No. E8J29

TABLE II - PERFORMANCE DATA ON COMBUSTOR OF 19XB-1 TURBOJET ENGINE

Point |Slmu~ [Simu-~ |Inlet Inlet- Average | Average| Air Fuel | Fuel- {Combus-
lated jlated |statlc air totaljoutlet total flow | flow | air tion effi-
engine [alti~ |[pressure |[tempera- [total temper-| (1b/ [ (1b/ | ratic |ciency
speed |tude (1b/sq in. |ture temper~ | ature sec) hr)

{rpm) (%) absolute) (°F) ature rise
(°F) through
combus-~
tor
(°r)
50 7,000 25,000 8.20 32 668 6356 4,12 243 | 0.0164] 0.544

———— s | e e 8.20 29 836 807 4,12 277 .0187 «613

51 7,000 |20,000 9.53 49 861 8lz 4,94 297 «Q167 « 687
e | e [ 9.53 50 701 651 4,24 272 .0163 « 597
52 7,000|15,000 11.69 66 812 746 5.74 277 <0134 . TS
- 11.69 66 880 814 5.76 302 .0146 « 781

53 7,000|10,000 14.09 81 . 824 743 6.75 307 .0126 «816

- 14.09 83 956 873 €.80 362 0144 .849

54 7,000 5,000 16.84 101 9456 844 7.91 3TT +0132 +891
16.84 101 836 735 7.91 337 .0118 «860

55 1G,000{20,000 13.40 104 808 704 8.00 354 .0123 « 791

- 13.40 104 690 586 8,00 317 .0110 « 730

56 10,000115,000 15.96 122 793 671 9. 50 367 « 0107 .858
- 16,96 121 834 712 9,52 588 . 0113 .868

&7 10,000{10,000 19,20 140 853 713 | 10.90 423 .0108 «208
68 10,000 5,000 22,73 158 918 . 760 | 12.69 512 0112 « 042
59 14,000 30,000 15,61 170 o799 809 g.18 418 «0126 «899
b e e | e — 15.61 168 gl4 746 9.18 388 «0L1l7 .888
60 14,000 25,000 18,95 186 876 690 | 11.00 416 .0105 . 908

— - 18.95 186 938 752 | 11.00 448 0113 «926

- —-— 18.95 186 878 792 | 10,92 466 .0119 « 931

61 14,000|20,000 22,83 207 987 780 | 135,01 522 L0111 « 977
63 17,000| 47,000 10.51 24] 1355 1114 0. 39 72 .0192 851
10.51 24) 1459 1218 5.41 405 .0208 « 868

64 17,000 40,000 14.29 240 1347 1107 T«35 469 0177 «912
fmem ] e | e 14.29 240 1486 1246 T35 519 0196 « 9357
65 17,000{35,000 18.02 243 1444 1201 g.18 598 0181 «969
S ke Rt ————— 18.02 243 1335 1092 9.18 539 01863 « 970
66 17,000 30,000 22,00 279 1367 1088 ) 11.20 837 .0158 . 998
69 7,000 ——=——— 19.93 119 1025 9086 g.09 443 0135 . 940
i S 19.93 118 923 804 9.09 398 0122 913

70 10,000 w———e 26.81 176 963 787 | 14.45 571 .0110 «5994

1 ohe following types of combustion were encountered:

E Rapid flickering at base pf flame together with temperature fluctuations at
combustor outlet.

N Normal operation (no noticeable resonance).

Slight intensity.

=‘\N~£\. -
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NACA RM No.

E8J29

FROM TESTS TO DETERMINE ALTITUDE COMBUSTIOXK EFFICIERCIES

Point | Maxirmm | Minimum | Total- Static- Pressure | Inlet Average RemarkJ
local local pressuref pressure | differ- velocity | outlet (1)
outlet | cutlet | drop drop ential (rt/sec} | velocit
total total (1b/sq {lb/sq across (ft/sec
temper~ | temper- in.} in.) fuel
ature ature nozzles

(°r) (oF) (in. Hg)

50 850 480 Q. 226 0.264 8.0 141 256 E
~=—--— 1080 530 . 240 « 300 8.6 140 296 E
51 1240 530 .« 299 . 372 8.0 151 31l N
———— 910 460 . 278 «325 7.Q 131 272 E-
52 1220 500 « 314 . 379 7.2 147 281 N
~———-l 1340 560 .« 321 - 397 8.0 . 148 298 N
&3 1130 560 « 383 « 433 8.2 148 276 N
—— - 1360 670 . 582 « 480 10.8 149 308 N
54 1270 700 +431 « 531 12.8 150 297 N
fr———-— 1130 620 «419 +495 10.0 1350 273 N
55 1140 560 « 536 . 632 11.2 192 346 X
—————-i 1000 450 « 521 « 381 8.0 192 312 N
86 1000 580 « 640 « 736 12,2 188 340 N

1160 585 « 643 754 13.7 198 352 N

57 1070 €30 -694 . 809 16,7 194 338 X
58 1140 740 .848 .996 —————— 197 350 R
S5¢ 1290 740 « 872 -0801 15.8 211 388 N
e - =] 1200 670 « 664 P ) 13.6 211 370 N
&0 1080 660 « 776 877 16.2 214 353 N
|-~=—~1 1170 730 764 . 888 18.8 214 370 N
———w—e—} 1210 7850 « 777 <917 20.9 212 379 N
61 1190 800 .947 1.097 27,2 217 376 N
63 1850 960 «485 « 578 13,2 205 432 H
|or——~=| 1970 970 - 469 « 803 16.4 206 460 K
64 1830 980 « 580 . 740 20.8 205 429 R
o= — =| 2000 1070 « 606 « 791 26.2 205 464 N
85 1890 1130 .712 . 924 37.2 204 448 4
——— | 1750 1060 . 688 .866 29.€ 204 419 K
&6 1600 1175 «B841 1.051 42.5 215 427 N
a9 1300 790 « 479 « 603 16.8 150 304 N
bee-=| 1160 720 «471 « 570 14.8 150 283 x
70 1200 780 . 942 1.108 33.3 195 348 N

21
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engine, (Data from manufacturer.}
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Figure 7, — Altitude operatiomzl limits of 19XBE=-1 turbojet engine as
determined by performance of the combustor at various simulated

£1ight conditims. 2ero ramj fuel, AN-F-28, Amendment-3. Numbers
designate points in table I.
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Plgure 9. = Combustion efficlencles of combugstor of 19XP-1 turbojet engline at
various simulated flight conditiong.
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Pigure 10, — Avallable acceleration of 19XB-1 turbc jet engine as indicated by
difference between maximum temperature rise obtainable in investigation of
combustor and temperature rise required for nonaccelerating engine operation.



A RRLAAARNLERRNLARE N LRARAR AL BANSI AR LA ARLAN RRARS CAaAn i RLLE LRRAN LARRE RARLE RRALE RRLLE LLALE LELAN LIALE Wi

AFig 3y
)

¢
o

siaaleerefanarlons

-
v
\o

2.4

=]
:Eﬁ-j‘
=

t B

AL RARAERASRIE LI LA RERANRAERFRARET RARRARESLS RARRARAREE RARE ~

Norma) combustion
Resonant combustion

Isotharmal data

<00

MTTEY JYETI FEUTY R

1.5

1.8

L]
-

I.. al seaala selaeaalania

TTIITTT I T I T T T T II I TIP3l uu?

T T TR ST ETE PO FTY R AATAR A TR RARTNRAS T E N TR NR R NTOR | PR TR TN AN I N I AN TN YR T A NN AT

ibll

=TT PP

O
.
og

Ratio of total-prassure drop across combustor to combustor-inlet dmamic prazasurs,

LF

2.0 2,8 3.0 3.b
Ratlo of somburtar—iniet alr denslty to eombustor-outlet gas density, P2/P3

4.0

Pigure 11, - Totalwprassura drop soroas comtustor of 10XB-1 turbojet angine, expreased as fraction of Inlet dynamie pressura and
ag fmetion of density ratio apross combustor,

"ON WY VYOVN

62183

Le




aF(p.3)

CARRN LARLY LLAAR LULAE LALEY AALLN AARY RAARE LLAAY LALAY LARLI AALES LEASD RARLE LAAM AAMRS LAMAS LALLY LALM T T T T e T T T
[ s = ;
& F S KA
£ 3 3
a 3 ]
L]
" F 3
£ 3 3
a - -
Q L 3
-i F 3
7 a.ef :
- C k
4 = 3
[a] L 1 -
L ] o o 3
L 2.8 £ = 3
-g E D.---"" ]
E o {m{ — (o] ]
E e L :
L "] ]

g 2‘4 m ﬂ b
: o iﬂ 1]

s ol ey

% E "1 ]

2 2.0k ey il o :

. ]

8 Pl g

-3 o ]

. 1 O Normal cobustion 3

@ vt Resooant combustian 3

fa o Isothermal data 3

g o ]

& 1.8f .

9 : 3

£ F E

.E'.' v .8k E

@ L o

e L B

a. o 3

o 2 3

3 =

S Tk 3

L] 9 3

o - r

.3 0t1u4 ITSSBENETR AU FA T I IR NN URENUTN NN TN N 1 s FTENE Fe L i faaalaxsn oo lonabopnaBonandnrno9rrenlopnzabendibgabenygpdinll lul:

;‘ 1 1.5 ] 2.5 3 3.5

©

Ratip of sombuster-outlet to cembuster-inlet ahselute temperature, !'a/rz

Figure 12, - Total-pressure drop across combustor of 19XB-l turbojet emgine, axpressed as fraction of inlet dynamlc pressure and
as function of tempersture ratio maross coribustor ! atd e P

BE

62183 "ON WY VDVN



NACA RM No.

E8J29

Radlal thermoccouple
positions - .

(o] I
a II
A III

a to aa
thermo

(as in fig. 4) aa

(2)

Figure 13.

Circumferential
couple positions

Operating conditions sinulating static engine operation at a
rotational speed of 10,000 rpm at an altitude of 15,000 feet,

- Temperature profiles at 19XB-1 combustor ocutlet.
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Radial thermocouple
positions

o I }
s ] I Fige 4
A IITI
a to aa Circumferential
thermoocouple positions a
(as in rig. 4) . bb

asa b

n

(b} Operating conditions simulating static engine operation at a
rotational speed of 10,000 rpm at an altitude of 10,000 feet.

Figure 13. = Continued., Temperature profiles at 19XB-1 combustor outlet.
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Radial thermocouple

positions
o I
(w] IT Fige 4
ya¥ III .

a to sa Circumferential
thermocouple positions

(as in rig. b4) :EE@E: -

(c) Operating conditions simulating statioc engine operation at a
rotaticnal speed of 17,000 rpm at an altitude of 47,000 feet,

Pigure 13. = Concluded. Temperature profiles at 19XB~1 combustor outlet,
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Radial total-pressure tap positions

1
I

ITT FPig. ¢

Iv

opoo

¢ to bb Circumferential total-pressure
tap positions (as in fig. 4)

(a)

Operating conditions simulating static engine operation at a
rotational speed of 10,000 »rpm at an altitude of 15,000 feet,

Figure 14. — Velocity profiles at 19XB-1 sombustor outlet.
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Radial total=-pressure tap positions v’. A
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A rrz[ Fiee ¢
< Iv
¢ to bbb Circumferent!al teotal- pp a
essure tap positions aa
(as in fig. 4)
y

(b) Operating conditions simulating statfe¢ engine operation at a
rotational speed of 10,000 rpm at an altitude of 10,000 feet,

Figure 14, -~ Continued, Veloclity profiles at 19XB-1 combustor outlet.



44

obDo

NACA RM No. E8J29 *

Radial total=pressure tap positions .

I

II

III Fig. 4

Iv

¢ to bb Circumferential

total-pressure tap aa
positions (as in
ﬁ.g. 4)
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(¢) Operating conditions simulating static englne operation at a
rotational speed of 17,000 rpm at an altitude of 47,000 feet,

Figure 14, - Concluded., Veloolty profiles at 19XB-1 combustor outlet,






